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The coronavirus disease 2019 (COVID-19) disease, caused by severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), often results in severe hypoxemia requiring airway 
management. Because SARS-CoV-2 virus is spread via respiratory droplets, bag-mask ven-
tilation, intubation, and extubation may place health care workers (HCW) at risk. While 
existing recommendations address airway management in patients with COVID-19, no 
guidance exists specifically for difficult airway management. Some strategies normally 
recommended for difficult airway management may not be ideal in the setting of COVID-
19 infection. To address this issue, the Society for Airway Management (SAM) created a 
task force to review existing literature and current practice guidelines for difficult airway 
management by the American Society of Anesthesiologists Task Force on Management of 
the Difficult Airway. The SAM task force created recommendations for the management 
of known or suspected difficult airway in the setting of known or suspected COVID-19 
infection. The goal of the task force was to optimize successful airway management while 
minimizing exposure risk. Each member conducted a literature review on specific clinical 
practice section utilizing standard search engines (PubMed, Ovid, Google Scholar). Existing 
recommendations and evidence for difficult airway management in the COVID-19 context 
were developed. Each specific recommendation was discussed among task force members 
and modified until unanimously approved by all task force members. Elements of Appraisal 
of Guidelines Research and Evaluation (AGREE) Reporting Checklist for dissemination of 
clinical practice guidelines were utilized to develop this statement. 

Airway management in the COVID-19 patient increases HCW exposure risk. Difficult airway 
management often takes longer and may involve multiple procedures with aerosolization poten-
tial, and strict adherence to personal protective equipment (PPE) protocols is mandatory to 
reduce risk to providers. When a patient’s airway risk assessment suggests that awake tracheal 
intubation is an appropriate choice of technique, and procedures that may cause increased 
aerosolization of secretions should be avoided. Optimal preoxygenation before induction with 
a tight seal facemask may be performed to reduce the risk of hypoxemia. Unless the patient is 
experiencing oxygen desaturation, positive pressure bag-mask ventilation after induction may be 
avoided to reduce aerosolization. For optimal intubating conditions, patients should be anesthe-
tized with full muscle relaxation. Videolaryngoscopy is recommended as a first-line strategy for 
airway management. If emergent invasive airway access is indicated, then we recommend a sur-
gical technique such as scalpel-bougie-tube, rather than an aerosolizing generating procedure, 
such as transtracheal jet ventilation. This statement represents recommendations by the SAM 
task force for the difficult airway management of adults with COVID-19 with the goal to optimize 
successful airway management while minimizing the risk of clinician exposure. (Anesth Analg 
2021;133:876–90)
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GLOSSARY
AEC = airway exchange catheter; AGP = aerosol-generating procedures; AGREE = Appraisal of 
Guidelines Research and Evaluation; ARDS = acute respiratory distress syndrome; ATI = awake 
tracheal intubation; BIPAP = bilevel positive airway pressure; BMV = bag-mask ventilation; CICO =  
cannot intubate, cannot oxygenate; COVID-19 = coronavirus disease 2019; CPAP = continuous 
positive airway pressure; CVCI = cannot ventilate, cannot intubate; Eto2 = end-tidal O2; ETT = endo-
tracheal tube; FDA = US Food and Drug Administration; Fio2 = fraction of inspired oxygen; FIS = flex-
ible intubation scope; HCW = health care worker; HEPA = high-efficiency particulate absorbing filter; 
HFNO = high-flow nasal oxygen; NIPPO = noninvasive positive pressure oxygenation; NIPPV = non-
invasive positive pressure ventilation; IPAP = inhalation positive airway pressure; IV = intravenous; 
PAPR = powered air-purifying respirator; POM = procedural oxygen mask; PPE = personal protective 
equipment; RSI = rapid sequence induction; SAM = Society for Airway Management; SARS-CoV-2 = 
severe acute respiratory syndrome coronavirus 2; SGA = supraglottic airway; VL = videolaryngoscopy

The coronavirus disease 2019 (COVID-19) dis-
ease, caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) 2019, often 

results in severe hypoxemia requiring airway man-
agement. Because the SARS-CoV-2 virus is spread 
via respiratory droplets, bag-mask ventilation (BMV), 
intubation, and extubation may all place health care 
workers (HCW) at risk.1 While existing recommenda-
tions address airway management in patients with 
COVID-19, no guidance focuses specifically on diffi-
cult airway management. In addition, some strategies 
normally recommended for difficult airway manage-
ment may not be ideal in the setting of COVID-19 
infection. To address this issue, the Society for Airway 
Management (SAM) created a task force to review 
existing literature and current Practice Guidelines 
for the management of the difficult airway by the 
American Society of Anesthesiologists Task Force on 
Management of the Difficult Airway. The SAM task 
force then created recommendations for management 
of a patient with a known or suspected difficult air-
way in the setting of known or suspected COVID-19 
infection. The goals of the task force were to optimize 
successful airway management while minimizing 
HCW exposure risk.2 An unanticipated difficult air-
way may increase the risk of HCW infection if mul-
tiple intubation attempts or multiple providers are 
needed. This statement considers best practices and 
includes routine use of personal protective equipment 
(PPE), oxygenation approaches, and intubation strat-
egies based on available evidence and information 
from clinical practitioners and airway experts. The 
recommendations in this statement are not intended 
to be standards or absolute requirements and may be 
adopted, modified, or rejected according to clinical 
needs and constraints and emerging literature.

METHODS
Elements of the  Appraisal of Guidelines Research and 
Evaluation (AGREE) Reporting Checklist for the dis-
semination of clinical practice guidelines were utilized 
to develop this statement.3 A task force of 10 clinical 

content experts from the SAM were assembled by the 
Society Executive Director (L.J.F.). Each member of the 
task force was assigned to conduct a literature review of 
a clinical practice section using standard search engines 
(PubMed, Ovid, Google Scholar). The task force mem-
bers then created a summary of the literature for each 
subject based on their review. Each member then 
assembled existing recommendations and evidence for 
difficult airway management in the context of known or 
suspected infection with COVID-19. Recommendations 
were then reviewed by the task force members during 
scheduled web-based meetings. Each recommendation 
was discussed among the task force members and mod-
ified as needed until unanimously approved.

RESULTS
This report represents recommendations from the 
SAM task force for the management of the difficult 
airway in an adult with COVID-19.

Nonanatomic Difficult Airway Considerations in 
Adult COVID-19 Patients

•  A difficult airway may be present due to the 
inability to ventilate, intubate, oxygenate, or any 
combination of the preceding. The baseline inci-
dence of the difficult airway may be increased 
in COVID-19 patients due to anatomical, physi-
ological, and contextual issues.

In addition to known anatomic considerations, criti-
cally ill COVID-19 patients may have a physiologi-
cally difficult airway. These patients are often critically 
ill, may have already failed noninvasive positive pres-
sure oxygenation (NIPPO/high-flow nasal oxygen 
[HFNO]) or ventilation, may require urgent/emer-
gent intubation due to cardiorespiratory collapse, and 
are at risk of worsening hemodynamic instability dur-
ing intubation.4,5 COVID-19 patients may also develop 
airway edema, acute respiratory distress syndrome 
(ARDS), acute kidney injury, myocardial dysfunc-
tion, and coagulation abnormalities.6–8 Under these 
situations, the difficulty of airway management and 
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incidence of complications are increased. In the emer-
gent setting outside the operating room, additional 
space constraints and lack of needed equipment and 
personnel add additional challenges.8–10 While not all 
COVID-19 patients may exhibit anatomic or physio-
logical predictors of difficulty, early recognition of the 
difficult airway is important to permit adequate prep-
aration to reduce exposure risk and complications.

Risk of Aerosolization, PPE, and Intubation Team
During airway management, BMV, tracheal intuba-
tion, and extubation are aerosol-generating procedures 
(AGP).1,11–14 Currently, neither the magnitude of the viral 
load that can be aerosolized nor the minimum infectious 
dose for COVID-19 has been established.15 While the infec-
tion rate in health care providers after performing intuba-
tions in COVID-19–positive patients is unclear, studies 
suggest that HCWs may be at increased risk of COVID-19 
infection after an airway management episode involving 
an infected patient.16–19 In patients with a difficult airway, 
airway management may take longer and involve more 
HCW and aerosolizing procedures.20 Therefore, the same 
or greater level of aerosol protection should apply to 
all airway procedures in COVID-19 patients with a dif-
ficult airway, including diligent use of PPE. Although a 
powered air-purifying respirator (PAPR) is the preferred 
level of PPE during airway management, these systems 
are more difficult and take more time to don than an N95 
mask and face shield. Therefore, an early assessment of 
the need to manage the airway of a known or suspected 
COVID-19 patient should be made.

Additionally, airway management of a known or 
suspected COVID-19–infected patient should be per-
formed in a negative pressure room, if available.19

Many lessons have been learned from the SARS, 
Ebola, and currently with the COVID-19 outbreak 
related to airway management, PPE, and the intuba-
tion team.21,22 To minimize the number of HCW in the 
room, the intubation team should consist of highly 
skilled personnel to minimize the number of HCW in 
the room if feasible. As an illustration, an intubation 
team would include the following:

 1. Intubator: A provider experienced in advanced 
airway management techniques (increases suc-
cess rate and decreases the number of person-
nel needed in the room).23,24

 2. Spotter: To help don and doff team’s PPE, pro-
vide needed equipment from a difficult airway 
cart kept outside the patient room.

 3. Respiratory therapist (for difficult airways out-
side of the operating room).

 4. The second assistant to the intubator (if pos-
sible) to administer medications.

 5. The patient’s nurse.

Difficult Airway Equipment. A difficult airway cart 
should be located directly outside of the room. The 
cart need not be brought into the room unless needed 
to minimize contamination of equipment. Equipment 
should include different sized endotracheal tubes 
(ETT), intubating supraglottic airway (SGA; preferably 
second generation), Macintosh and Miller blade and 
handle, drugs, scalpel and bougie, videolaryngoscope, 
and flexible intubation scope (FIS). Use of disposable 
equipment is preferred, if available (Figure 1).

Before entering the room, the intubation team 
should discuss the airway management plan and ver-
ify that all equipment and medications are available 
(“airway time out”).Verbal communication among 
providers may also be more difficult while wearing 
a PAPR, which adds additional importance to the air-
way time out and clear delineation of roles.25

Use of PPE and adherence to appropriate PPE pro-
tocols reduces the incidence of contamination dur-
ing intubation and doffing, and their use has been 
described elsewhere for COVID-19 intubations.24,26–33 
The effect of PPE may not only impair communication 
between the airway team, but studies have also shown 
prolonged time to intubation during airway manage-
ment, which should be taken into consideration.9–11

AIRWAY MANAGEMENT BARRIERS (PLEXIGLASS 
BOX AND PLASTIC COVERS)
In addition to PPE availability and use,34,35 barrier 
methods have been developed to protect HCWs from 
contamination with biohazards and viral particle 
spread during AGPs. Protective shields and barrier-
enclosure systems were approved by the US Food and 
Drug Administration (FDA) in May 2020 to be used in 
addition, not as alternatives to proper PPE to decrease 
the spread of viral particles associated with the care 
of COVID-19 patients.36 Concerns about safety per-
formance prompted the FDA to revoke the permit 
in August 2020. Barrier enclosures without the pos-
sibility of additional negative pressure are no longer 
recommended.37

The effectiveness of barriers in decreasing viral 
transmission to HCW during airway management 
remains unclear in part due to the lack of proper scru-
tiny and research. Transmission of SARS-CoV-2 viral 
particles can still occur with barrier use via aerosolized 
viral particle escape through the existent operative 
holes or when the box is removed.38,39 In addition, bar-
riers deviate from standard practice, potentially wors-
ening performance, and may increase the complexity 
and duration of the intubation process. They limit the 
use of airway management devices that require space 
and impair the use of a second pair of hands to assist 
during the procedure. During an emergency, when 
rescue airway procedures are required, barriers may 
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Figure 1. Society for Airway Management recommendations: before intubation preparation and decision to proceed with awake tracheal intu-
bation. COVID-19 indicates coronavirus disease 2019; PAPR, powered air-purifying respirator; PPE, personal protective equipment; RSI, rapid 
sequence induction; SGA, supraglottic airway.
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prevent an effective response. Simulation experiences 
have demonstrated that aerosol boxes for intubation 
are associated with higher failure rates and prolonged 
intubation times.40 These limitations are concerning 
during the intubation of routine airways and extuba-
tion, and in case there is a difficult airway.41

Recommendations:

 1. Risk factors for the physiologically difficult air-
way should be weighed before formulating an 
intubation plan. In COVID-19 patients, these 
include hypovolemia from aggressive diure-
sis, chronic oxygen desaturation, pulmonary 
hypertension, myocardial dysfunction, and car-
diovascular collapse.

 2. If feasible, the intubation team for difficult airway 
management should consist of 4 providers: a pro-
vider experienced in advanced airway manage-
ment techniques, a second assistant also familiar 
with airway management, a respiratory therapist, 
and a spotter (who remains outside the room).

 3. Use PPE as described in COVID-19 airway man-
agement guidelines for nondifficult airways.

 4. If available, we recommend the use of a PAPR 
device as the first line of PPE for emergent 
intubations.

 5. A difficult airway cart,  which remains outside 
the patient room, should include disposable 
equipment, when possible.

 6. An intubating “box” or barrier device is not recom-
mended for management of the difficult airway in 
the known or suspected COVID-19 patient.

Preintubation Oxygenation
COVID-19 patients with respiratory distress due 
to hypoxemia may require tracheal intubation and 
mechanical ventilation.42,43 Preoxygenation increases 
the time to oxygen desaturation after induction/relax-
ation and may reduce the likelihood of cardiorespira-
tory arrest due to severe hypoxemia. In the COVID-19 
patient with the difficult airway, preoxygenation is criti-
cally important due to the high likelihood of hypoxemia 
and because the duration of difficult airway manage-
ment may be longer than in a nondifficult airway.

Preoxygenation Before Induction. Preoxygenation in 
COVID-19 patients with a known or suspected difficult 
airway is similar to that in a COVID-19 patient without 
a suspected difficult airway. In both circumstances, an 
appropriate facemask with a tight seal and attached to a 
high-efficiency particulate absorbing filter (HEPA) filter 
provides optimal preoxygenation in a spontaneously 
breathing patient. The goal is to achieve an end-tidal 
O2 (Eto2) level of 90% as measured by a gas analyzer 
or for 3 minutes if an analyzer is not available. In the 
physiologically difficult airway where cardiorespiratory 

arrest may be imminent, neither goal may be possible, 
and attempts to deliver oxygen should continue 
throughout the intubation process.

In patients with respiratory insufficiency due to 
COVID-19, HFNO or noninvasive positive pressure 
ventilation (NIPPV: continuous positive airway pres-
sure [CPAP]/bilevel positive airway pressure [BIPAP]/
inhalation positive airway pressure [IPAP]) is commonly 
used.44–46 These strategies do not preoxygenate as effec-
tively as a well-sealed facemask.4,32,47–54 In addition, Eto2 
cannot be measured with HFNO and the risk of aerosol-
ization/contamination may be higher than when pre-
oxygenation is delivered by facemask. Particularly for 
the difficult airway, facemask oxygenation if possible is 
likely to deliver better preoxygenation.

Oxygenation During the Period Between Muscle 
Relaxant Administration and Successful Intubation. 
During the apneic period between induction and 
successful intubation, patients may desaturate due 
to lack of ventilation.53 In patients with COVID-19, 
desaturation can be rapid and persistent. The optimal 
method to deliver oxygen during this period is unclear. 
Evidence supporting the efficacy of apneic oxygenation 
during intubation with either HFNO or low flow nasal 
oxygenation (5–15 L/min) is mixed.54–63 Additionally, 
apneic oxygenation may increase the risk of droplet 
aerosolization.17,46 In patients with COVID-19 and a 
difficult airway, in light of the limited efficacy of apneic 
oxygenation to prevent oxygen desaturation after 
induction/muscle relaxation, and potentially increased 
risk of aerosolization, when hypoxemia is present or 
imminent, we recommend BMV with a well-sealed 
face mask.1,64 If BMV results in a significant mask leak, 
an SGA could be inserted to improve seal and facilitate 
ventilation.65 A second-generation intubating SGA 
could also serve as a conduit for flexible scope-guided 
tracheal intubation. Apneic nasal oxygenation may be 
considered; however, if the nasal cannula is adversely 
affecting the BMV seal, it should be removed. HFNO 
should not be used in conjunction with BMV due to 
concern of gastric insufflation.66,67

Recommendations:
Preoxygenation before induction:

 1. Deliver Fio2 1.0 using a well-sealed facemask 
with a HEPA filter.

 2. Target Eto2 90% if possible (when a gas ana-
lyzer is available).

 3. HFNO/NIPPV may be considered as an alter-
native technique, but end-tidal gas analysis is 
not available, and it may increase aerosoliza-
tion risk.

Oxygenation after induction:

 1. When hypoxemic, perform BMV with a well-
sealed facemask.
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 2. When BMV is ineffective or results in a sig-
nificant leak, insert a SGA, preferably a sec-
ond-generation intubating SGA, to facilitate 
ventilation.

 3. Consider the application or continuation of 
apneic nasal oxygenation.

Pharmacology for Airway Management
Clinical characteristics of COVID-19 patients requir-
ing intubation include hypoxemia, tachypnea, hypo-
tension, tachycardia, pulmonary hypertension, and 
altered mental status.19 Acute kidney injury and 
hypercoagulability are also features of severe COVID-
19 infection.6,7

Thus, the presence of the previous risk factors 
in critically ill COVID-19 patients thus increases 
the risk of a physiologically difficult airway. 
Precautions for such patients have been published 
previously, with recommendations about choice of 
induction agent and use of lower doses to avoid 
exacerbating hemodynamic instability, and ready 
availability of vasopressor infusions and resuscita-
tion tools.5,19 Muscle relaxants should be selected 
to provide optimal intubating conditions and may 
require redosing for repeated attempts or reversal 
to facilitate reestablishment of spontaneous breath-
ing. Succinylcholine should be used with caution 
in COVID-19 patients who present with acute kid-
ney injury, as they may have elevated potassium 
levels.6,7

In combative or delirious patients who will not 
cooperate with awake intubation, the use of ketamine 
in small increments or dexmedetomidine may be con-
sidered because each is less likely to cause respiratory 
depression.5

Recommendations:

 1.  Review patients for risk factors for physiologi-
cal difficulty.

 2.  Consider lower doses of induction agents.
 3.  Ready availability of vasopressor infusions 

and resuscitation tools.
 4.  Succinylcholine should be used with caution.

Awake Tracheal Intubation
Awake tracheal intubation (ATI) is often used to man-
age the difficult airway patient when routine induc-
tion of anesthesia, with or without neuromuscular 
relaxation, may result in a cannot intubate–cannot 
ventilate situation or other complications. The deci-
sion to use ATI is based on an assessment that weighs 
the risk of routine induction of anesthesia against the 
likelihood of awake intubation success, the ability of 
the patient to cooperate with the procedure, and the 
consequences of this more prolonged intubation tech-
nique. In patients with COVID-19, the extended time 

needed to perform ATI may increase the risk of severe 
oxygen desaturation and cardiorespiratory arrest and 
prolong HCW exposure. Additionally, preparation of 
the patient for ATI, as well as inadequate airway anal-
gesia during airway management, may be associated 
with cough and gag, which likely result in increased 
airway secretion aerosolization. These COVID-19–
related patient and HCW risks can temper the deci-
sion to proceed with ATI.68,69

Decision to Proceed With ATI
As noted earlier, few absolute indications exist for 
awake intubation. Importantly, any decisions regard-
ing the approach to securing an airway must be made 
by the particular clinician tasked with caring for that 
patient and be based on variability in experience, 
availability of devices and skilled aid, and the context 
in which airway management will take place. When 
evaluating a patient at risk of having a difficult airway, 
3 airway findings may trigger a decision to perform 
ATI: (1) tracheal intubation and facemask or SGA ven-
tilation are not expected to be rapidly and efficiently 
achieved; (2) tracheal intubation is not expected to be 
rapidly and efficiently achieved and the patient is at 
significant risk of aspiration of gastric contents; (3) 
tracheal intubation is not expected to be rapidly and 
efficiently achieved and the patient may not tolerate 
the period of apnea that would accompany routine or 
complicated induction of hypnosis and airway con-
trol (Figure 1).

Because of the risk to both the patient and HCWs 
described earlier, alternatives to ATI may be con-
sidered. These options include consultation with a 
more experienced clinician, if available, whose risk 
assessment or assistance may allow routine manage-
ment, or, in the case of medical consultation for air-
way management in an ICU setting, explore options 
for medical intervention that do not involve tracheal 
intubation.52 The need for tracheal intubation and the 
assessed need to use an ATI technique are indepen-
dent. When the risk of ATI (to both the patient and 
HCW) is high, seeking an alternative to tracheal intu-
bation may be warranted.

Specific Issues With ATI
A provider experienced in advanced airway man-
agement techniques should evaluate the patient and 
decide whether ATI is needed.

Options to provide supplemental oxygen dur-
ing the procedure include use of respiratory masks 
that allow endoscope passage (eg, endoscopy mask; 
Figure 2), use of low or high flow nasal cannula, and 
use of bronchoscope adaptors (when using a SGA 
as a conduit). As noted previously, HFNO/NIPPO 
increases the risk of aerosolization and may increase 
the risk of disease transmission.
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If needed, sedation should be administered 
judiciously. As the patient may be physiologically 
compromised, the clinician should use their clini-
cal judgement during titration. The goal of seda-
tive use should be to alleviate patient anxiety while 
maintaining adequate spontaneous ventilation and 
cooperation. Small amounts of opioids (eg, 25–50 
μg fentanyl intravenous [IV]) may reduce cough-
ing. Antisialogogues, such as glycopyrrolate, can be 
administered before ATI to facilitate topical blocks 
and decrease airway secretions.

Because the nasal cavity may have a high viral 
particle load, nasal tracheal intubation may increase 
the risk of disease transmission.70,71 However, if con-
textual conditions (eg, patient condition, operator 
experience, etc) favor this route, then nasal tracheal 
intubation is a viable alternative.

Topical anesthesia is needed for ATI and admin-
istration should be routine as per the practice of the 
operator. In difficult airway patients with COVID-19, 
procedures with a high risk of coughing such as trans-
tracheal (translaryngeal) injection of local anesthetics 
should be avoided. Using techniques such as inject-
ing local anesthetics into the larynx and trachea via 
a flexible bronchoscope or encouraging the patient to 
aspirate viscous or solutions of local anesthetic deliv-
ered to the hypopharynx can be used (eg, holding the 
patient’s tongue with a gauze pad as a local anesthetic 
is trickled into the pharynx.)

Possible Intubation Techniques
Flexible Intubation Scope. If an FIS is used, then a 
remote screen (video image) should be used if possible 
as it moves the operator’s face away from the patient’s 
airway and reduces the chance of infectious exposure 
during coughing and other aerosolizing patient 
reactions. The gap between the outer diameter of the 
FIS and the inner diameter of the tracheal tube should 
be minimized to reduce the likelihood of difficulty 
passing the tracheal tube past the vocal cords and 
thus limit aerosol spread during intubation. Single-
use FIS is preferable due to difficulties in cleaning 
reusable devices. Properly secured suction through 
the working channel is unlikely to increase infection 
risk. In contrast, oxygen insufflation may increase 
the likelihood of aerosolization. An endoscopy mask 
(Figure 2) may be used to enclose the patient’s mouth 
and nose during the procedure.

Videolaryngoscope. If a videolaryngoscope is used 
for ATI, then a detached screen will allow the operator 
to move his/her face away from the path of coughing 
and other aerosolizing patient reactions.
Recommendations:

 1. A provider experienced in advanced airway 
management techniques should determine and 
perform ATI if it is required.

 2. Take steps to minimize aerosolization during 
airway topicalization whenever possible, and 

Figure 2. Airway adjuncts provid-
ing supplemental oxygen during 
ATI procedure. A, POM mask 
(POM Medical LLC), (B) Patil-
Syracuse style endoscopy mask, 
(C) tracheal tube, with broncho-
scope adaptor on proximal end, 
advanced through an SGA with 
an FIS; (D) illustration of cross-
section of tracheal tube-FIS fit 
demonstrating minimal annular. 
ATI indicates awake tracheal 
intubation; ETT, endotracheal 
tube; FIS, flexible intubation 
scope; POM, procedural oxygen 
mask; SGA, supraglottic airway.
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weigh risks and benefits of atomizing nebuliz-
ing and transtracheal injection techniques.

 3. Consider oral intubation as a first-line approach 
whenever possible.

 4. When feasible, performing the ATI through 
the access ports on a full-facemask device (eg, 
endoscopic mask) may reduce operator expo-
sure to respiratory secretions.

INTUBATION AFTER INDUCTION
Videolaryngoscopy
Several specialty groups and societies have now 
addressed intubation approaches for the COVID-19 
patient.19,43,72–74 Taken together, these recommenda-
tions uniformly call for videolaryngoscopy as the pri-
mary intubation approach for patients with COVID 
pneumonia.

Although videolaryngoscopy is not new to rou-
tine or difficult airway management, the benefit in 
COVID-19 is that it allows physical distance between 
the provider’s face and the patient’s airway, thus 
potentially reducing the chance of exposure to drop-
let-based infection. Existing data suggest that use of 
videolaryngoscopy may also result in easier intuba-
tion performance with less failure and fewer attempts 
than direct laryngoscopy when used by an experi-
enced provider.75 In difficult airway patients, vide-
olaryngoscopy improves intubation success when 
compared to direct laryngoscopy.19,75–78 Thus, for the 
COVID-19 patient with a difficult airway, it is thus 
logical to deploy dedicated airway teams facile with 
videolaryngoscopy for urgent tracheal intubation. A 
recent series of emergency COVID-19 tracheal intu-
bations from Wuhan supports the use of videolaryn-
goscopy.19 A dedicated team of 54 anesthesiologists 
achieved a high success rate of tracheal intubation, 
mostly utilizing videolaryngoscopy.

Hyperangulated videolaryngoscopy does have 
some drawbacks when compared to direct laryngos-
copy. If secretions or blood are present, then visualiza-
tion through a dirty camera lens may be substandard. 
Also, the increased curvature of hyperangulated vide-
olaryngoscopes can increase the difficulty of passing 
the ETT through the cords even if they are well visu-
alized. Although such limitations are uncommon, 
patients who require intubation for COVID-19 are 
often in extremis and little time is available to switch 
to a different laryngoscope. This time constraint is 
even more acute when the airway is difficult. We 
thus recommend that airway managers have a direct 
laryngoscope readily available in case videolaryngos-
copy fails.
Recommendation:
Videolaryngoscopy by a skilled provider should 
be the primary laryngoscopic technique for asleep 

intubation of the difficult airway COVID-19 patient 
if available. If a provider is more skilled with direct 
laryngoscopy for difficult airway management, or if 
videolaryngoscopy fails, then those tools should be 
available as well (Figure 3).

Intubation Through an SGA
When initial attempts at intubation are unsuccessful, 
oxygenation with tightly sealed BMV and a HEPA 
filter may minimize aerosolization while placement 
of an intubating SGA is considered.79 Preferably, a 
second-generation SGA may be used due to its higher 
oropharyngeal leak pressure, allowing for higher 
respiratory pressure as well as possible drainage of 
regurgitated material.80,81

When FIS-facilitated intubation is planned via an 
intubating SGA, attaching a HEPA filter to the breath-
ing circuit will reduce exposure to exhaled droplets 
and allow for the insufflation of oxygen throughout 
the intubation procedure. In addition, placement of 
an ETT with a bronchoscope adapter and inflation of 
its cuff within the SGA can reduce leaking during the 
procedure (Figure 2).

A nonintubating SGA may also be considered but 
requires the use of an intermediate Aintree Catheter 
and FIS. When the placement of the SGA is unsuccess-
ful, perform BMV as described previously while pre-
paring for emergency invasive airway management 
(Figure 2).
Recommendations:

 1. Use tight seal BMV to minimize aerosolization, 
and use of an intubating SGA (preferably sec-
ond generation) to facilitate intubation.

 2. If SGA placement is unsuccessful, then perform 
BMV as described previously while preparing 
for emergency invasive airway management.

Emergent Invasive Airway Management
Emergent invasive airway management (cricothyrot-
omy) may be necessary for COVID-19 adult patients if 
noninvasive airway management fails or in the “can-
not ventilate, cannot intubate” (CVCI) or “cannot intu-
bate, cannot oxygenate” (CICO) situation. Although 
recommendations for airway management are often 
based on patient, institutional, and geographic fac-
tors, many guidelines recommend a scalpel-based, 
open surgical airway for patients with COVID-19.42,82

A surgical airway is traditionally performed by 
making an incision through the skin, subcutaneous 
tissue, and cricothyroid membrane into the lumen of 
the trachea, followed by the insertion of an ETT.83 With 
respect to COVID-19, clinicians must balance the com-
plexity and need for special equipment characteristic 
of many open surgical emergency surgical airway tech-
niques with more simple surgical airway techniques.
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For COVID-19 patients who require invasive sur-
gical access, concerns include a high first-pass suc-
cess rate, the least amount of patient harm, and to 
minimizing infectious risk to providers.84 Given the 
time-critical nature of the emergency invasive airway, 
the technique used should be as simple and rapid as 
possible, be well-rehearsed, and not require special 
equipment.

We believe that appropriate decision making, avail-
ability of equipment, technical ability, and human 
factors considerations are essential for the appropri-
ate and successful performance of emergency inva-
sive airway access techniques when a CICO event 
occurs.85 An experienced anesthesiologist, surgeon, or 
another experienced practitioner should perform the 
procedure (not trainees). In addition to full sedation/

Figure 3. Algorithms for awake tracheal intubation and modified rapid sequence induction. ETT indicates endotracheal tube; FIS, flexible intu-
bation scope; HEPA, high-efficiency particulate absorbing filter; SGA, supraglottic airway.
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analgesia, adequate neuromuscular blockade should 
be provided to prevent coughing and resultant aero-
solization of respiratory droplets.

We recommend the performance of the bougie-
assisted cricothyrotomy86 or scalpel-bougie-tube 
technique87 in COVID-19 adult patients who require 
emergent airway rescue. Such an approach has a 
high success rate in non–COVID patients and should 
translate to patients with COVID-19.88,89 Ventilation 
should be discontinued before opening the crico-
thyroid membrane and held until placement of the 
definitive airway. If difficulty is encountered in 
placing the airway and the patient needs to be ven-
tilated again by a bag-valve-mask, then the cricothy-
rotomy opening should be occluded with a finger 
to prevent air leak. If the cricothyroid membrane 
cannot be located, then an open cricothyrotomy is 
recommended.89

In non–COVID-19 patients, the need for invasive 
emergency airway has been associated with low 
survival rates.90 In the COVID-19 era, recovery from 
cardiac arrest has likewise been low.91 Because the 
performance of these invasive procedures increases 
HCW exposure to COVID-19 infection, the decision 
to include emergency invasive airway procedures in 
this process should be considered by each institution.
Recommendations:

 1. Use simple surgical techniques, such as the 
scalpel-bougie-tube cricothyrotomy, in airway 
emergencies requiring invasive airway access.

 2. Refrain from using jet ventilation as it increases 
aerosolization of viral particles.

 3. Discontinue ventilation immediately before the 
cricothyroid membrane puncture to minimize 
aerosolization through the cricothyroid punc-
ture site.

 4. Include a scalpel, ≤6.0 ETT, and adult bougie as 
equipment in the difficult airway cart.

 5. Technical competency and familiarity with 
emergency invasive airway access techniques 
may improve the successful management of 
emergent airway rescue situations.

ETT Exchange
ETT exchange or manipulation may be needed in 
COVID-19 patients due to cuff rupture, inadvertent 
extubation, or acute ETT obstruction caused by thick 
secretions and/or sloughed tracheobronchial tissues 
and inflammatory cells.92 Such obstruction may limit 
the ability to oxygenate and ventilate and places the 
patient at risk for further desaturation. In patients 
with a difficult airway, this risk is increased as the 
time needed to change the ETT may be prolonged. 
The procedure may increase HCW exposure to aero-
solized secretions.

To minimize exposure and increase the rate of success, 
patients should be fully paralyzed and sedated during 
the procedure. An airway exchange catheter (AEC) is 
recommended to facilitate ETT exchange and a broncho-
scope adaptor placed between the ETT and ventilator 
circuit will allow an AEC to be used with less aerosoliza-
tion of secretions. As patients may have airway edema, 
and to reduce the duration of extubation or aerosoliza-
tion, a videolaryngoscope is recommended during tube 
exchange to improve visualization of the glottis and pas-
sage of the new ETT during exchange93 (Figure 4).
Recommendations:

 1.  Use an AEC through bronchoscope adapter 
between ETT and ventilator circuit.

 2.  Use videolaryngoscope during ETT exchange.

Extubation Considerations
The risk of contamination during extubation is poten-
tially even higher than for intubation, as muscle 
relaxation has been reversed, and the patient is sponta-
neously ventilating and may cough or exhale forcefully. 
A recent study of aerosolization during perioperative 
airway management found more detectable aerosol 
(15-fold) during extubation when compared to intu-
bation.94 Complications that occur during extubation, 
such as stridor, laryngospasm, or acute airway obstruc-
tion, may require positive pressure ventilation by mask 
and reintubation, which generate aerosols.

Risk factors have been described for complications 
during extubation.95,96 These risks include difficult 
reintubation and anatomical changes that increase 
concern for difficult reintubation, such as airway 
edema and restricted access to the airway. COVID-19 
patients displaying any of these characteristics should 
be considered at high risk for extubation.71

In the context of a difficult airway, the COVID-19 
patient may be difficult to reintubate, with the asso-
ciated increased risk of provider exposure; therefore, 
an awake extubation is recommended. While asleep 
extubation may reduce coughing, we believe the risks 
outweigh that benefit.

Periextubation coughing increases aerosolization 
risk and may be reduced with lidocaine adminis-
tered IV or topically to the vocal cords, or by injecting 
into the ETT cuff.97 A recent meta-analysis found less 
coughing with dexmedetomidine compared to remi-
fentanil or fentanyl, and that all 3 medications were 
superior to no treatment.98

Preparation and recommendations for extubation 
of suspected or confirmed COVID-19 patients can 
help reduce coughing or protection of secretions dur-
ing extubation.92,98–102 Taking into consideration the 
risks of extubation in the setting of a difficult airway 
and COVID-19, the following steps to reduce risks 
and complications are reasonable (Figure 4):
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 1. Consider the administration of medications to 
reduce coughing.

 2. Consider the administration of medications to 
prevent nausea and vomiting.

 3. Assess the risks versus benefits of deep extu-
bation in COVID-19 patients with a difficult 
airway.

 4. Consider awake extubation in COVID-19 
patients with a difficult airway.

CONCLUSIONS
The SAM has developed a statement for diffi-
cult airway management of the adult patient with 
COVID-19. Unlike standard difficult airway guide-
lines, COVID-19 adds an additional dimension of 

provider exposure risk during intubation and extu-
bation. Because difficult airway management may 
take longer than standard airway management, 
strict adherence to PPE protocols will reduce expo-
sure risk to providers during difficult airway man-
agement. Optimal preoxygenation and minimizing 
BMV can also reduce aerosolization risk. The risks 
and benefits of various strategies to deliver supple-
mental oxygen throughout the process of difficult 
airway management should be considered. When 
a patient’s airway risk assessment suggests that 
ATI is an appropriate choice of technique, proce-
dures that may cause increased aerosolization of 
secretions should be avoided. For optimal intubat-
ing conditions, the patient should be anesthetized 

Figure 4. Algorithms for extubation for difficult airway and endotracheal tube exchange. AEC indicates airway exchange catheter; COVID-
19, coronavirus disease 2019; ETT, endotracheal tube; Fio2, fraction of inspired oxygen; HEPA, high-efficiency particulate absorbing; VL, 
videolaryngoscope.
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with full muscle relaxation before intubation. 
Videolaryngoscopy is recommended as a first-line 
strategy for airway management, assuming avail-
ability and expertise. If emergent invasive airway 
access is indicated, then we recommend the use of 
a simple surgical technique, such as scalpel-bougie-
tube, rather than an aerosolizing generating pro-
cedure, such as transtracheal jet ventilation. This 
report represents the collaborative recommenda-
tions of the management of an adult with COVID-
19 and difficulties in intubation and extubation to 
minimize provider risk, maximize first-pass success, 
and maintain patient safety (Figures 1, 3, 4). E

DISCLOSURES
Name: Lorraine J. Foley, MD, MBA.
Contribution: This author helped with the concept, design, 
acquisition of information, drafting, revising, and writing of 
the manuscript.
Conflicts of Interest: L. J. Foley is an advisory board member 
and speaker honoraria for Vyaire Medical.
Name: Felipe Urdaneta, MD.
Contribution: This author helped with the concept, design, 
acquisition of information, drafting, revising, and writing of 
the manuscript.
Conflicts of Interest: F. Urdaneta is an Advisory Board Member 
Vyaire/Consultant Medtronic, Speaking honoraria for both.
Name: Lauren Berkow, MD, FASA.
Contribution: This author helped with the acquisition of infor-
mation, revising, and writing of the manuscript.
Conflicts of Interest: L. Berkow is a member of Teleflex Medical 
Advisory Board (honoraria) and receives royalties from 
UpToDate.
Name: Michael F. Aziz, MD.
Contribution: This author helped with the acquisition of infor-
mation, revising, and writing of the manuscript.
Conflicts of Interest: M. F. Aziz serves on the editorial board of 
Anesthesia & Analgesia, Journal of Head and Neck Anesthesia, and 
British Journal of Anaesthesia.
Name: Paul A. Baker, MBChB, MD, FANZCA.
Contribution: This author helped with the acquisition of infor-
mation, revising, and writing of the manuscript.
Conflicts of Interest: P. A. Baker has received research support 
from Fisher and Paykel Healthcare and is the owner and inven-
tor of the Operating Room Simulator (ORSIM) bronchoscopy 
simulator.
Name: Narasimhan Jagannathan, MD, MBA.
Contribution: This author helped with the acquisition of infor-
mation, revising, and writing of the manuscript.
Conflicts of Interest: N. Jagannathan serves on the editorial 
boards of Anesthesia & Analgesia, Pediatric Anesthesia, Journal 
of Clinical Anesthesia, and Journal of Anesthesia (Japan). He 
has been given devices free of charge from Ambu, Mercury 
Medical, and Teleflex corporations. He has received travel sup-
port for meetings involving future developments for upcoming 
airway devices from Teleflex and Mercury Medical and is on 
the Medical Advisory Board of Vyaire. He receives payments 
from Anesthesia & Analgesia for being Executive Section Editor 
and from the American Board of Anesthesiology for being an 
Applied (oral) and Advanced (written) Board Examiner.
Name: William Rosenblatt, MD.
Contribution: This author helped with the acquisition of infor-
mation, revising, and writing of the manuscript.
Conflicts of Interest: None.

Name: Tracey M. Straker, MD, MS, MPH, CBA.
Contribution: This author helped with the acquisition of infor-
mation, revising, and writing of the manuscript.
Conflicts of Interest: T. M. Straker is a member of the Medtronic 
Speaker’s Bureau (honoraria).
Name: David T. Wong, MD.
Contribution: This author helped with the acquisition of infor-
mation, revising, and writing of the manuscript.
Conflicts of Interest: None.
Name: Carin A. Hagberg, MD.
Contribution: This author helped with the acquisition of infor-
mation, revising, and writing of the manuscript.
Conflicts of Interest: C. A. Hagberg has received research sup-
port from Ambu, Karl Storz Endoscopy, Vyaire Medical, and 
Karl Storz Endoscopy speaking honoraria from Karl Storz 
Endoscopy and royalties from UpToDate and Elsevier.
This manuscript was handled by: Avery Tung, MD, FCCM.

REFERENCES
 1. Dhillon RS, Rowin WA, Humphries RS, et al. Aerosolisation 

during tracheal intubation and extubation in an operating 
room theatre setting. Anesthesia. 2021;76:182–188.

 2. Apfelbaum JL, Hagberg CA, Caplan RA, et al. Practice guide-
lines for management of the difficult airway: an updated 
report by the American Society of Anesthesiologists task 
force on management of the difficult airway. Anesthesiology. 
2013;118:251–270.

 3. Brouwers MC, Kerkvliet K, Spitoff K. AGREE Reporting 
Checklist 2016. Accessed May 2020. https://www.equa-
tor-network.org/wp-content/uploads/2016/03/AGREE-
Reporting-Checklist.pdf.

 4. Mosier JM, Joshi R, Hypes C, Pacheco G, Valenzuela T, 
Sakles JC. The physiologically difficult airway. West J Emerg 
Med. 2015;16:1109–1117.

 5. Kornas RL, Owyang CG, Sakles JC, Foley LJ, Mosier JM; 
Committee SAMsSP. Evaluation and management of the 
physiologically difficult airway: consensus recommenda-
tions from society for airway management. Anesth Analg. 
2020;132:395–405.

 6. Argenziano MG, Bruce SL, Slater CL, et al. Characterization 
and clinical course of 1000 patients with coronavirus dis-
ease 2019 in New York: retrospective case series. BMJ. 
2020;369:m1996.

 7. Suleyman G, Fadel RA, Malette KM, et al. Clinical charac-
teristics and morbidity associated with coronavirus disease 
2019 in a series of patients in metropolitan Detroit. JAMA 
Netw Open. 2020;3:e2012270.

 8. Jirak P, Larbig R, Shomanova Z, et al. Myocardial injury 
in severe COVID-19 is similar to pneumonias of other 
origin: results from a multicentre study. ESC Heart Fail. 
2021;8:37–46.

 9. Hendler I, Nahtomi O, Segal E, Perel A, Wiener M, 
Meyerovitch J. The effect of full protective gear on intuba-
tion performance by hospital medical personnel. Mil Med. 
2000;165:272–274.

 10. Aberle SJ, Sandefur BJ, Sunga KL, et al. Intubation effi-
ciency and perceived ease of use of video laryngoscopy vs 
direct laryngoscopy while wearing HazMat PPE: a prelimi-
nary high-fidelity mannequin study. Prehosp Disaster Med. 
2015;30:259–263.

 11. Flaishon R, Sotman A, Ben-Abraham R, Rudick V, Varssano 
D, Weinbroum AA. Antichemical protective gear prolongs 
time to successful airway management: a randomized, cross-
over study in humans. Anesthesiology. 2004;100:260–266.

 12. Cook TM. Personal protective equipment during the coro-
navirus disease (COVID) 2019 pandemic - a narrative 
review. Anaesthesia. 2020;75:920–927.

https://www.equator-network.org/wp-content/uploads/2016/03/AGREE-Reporting-Checklist.pdf
https://www.equator-network.org/wp-content/uploads/2016/03/AGREE-Reporting-Checklist.pdf
https://www.equator-network.org/wp-content/uploads/2016/03/AGREE-Reporting-Checklist.pdf


Copyright © 2021 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
888   www.anesthesia-analgesia.org aNeStHeSia & aNalGeSia

Management of the Difficult Airway in COVID-19 Patients

 13. Lockhart SL, Duggan LV, Wax RS, Saad S, Grocott HP. 
Personal protective equipment (PPE) for both anesthe-
siologists and other airway managers: principles and 
practice during the COVID-19 pandemic. Can J Anaesth. 
2020;67:1005–1015.

 14. van Doremalen N, Bushmaker T, Morris DH, et al. Aerosol 
and surface stability of SARS-CoV-2 as compared with 
SARS-CoV-1. N Engl J Med. 2020;382:1564–1567.

 15. Asadi S, Bouvier N, Wexler AS, Ristenpart WD. The corona-
virus pandemic and aerosols: does COVID-19 transmit via 
expiratory particles? Aerosol Sci Technol. 2020;0:1–4.

 16. El-Boghdadly K, Wong DJN, Owen R, et al. Risks to health-
care workers following tracheal intubation of patients with 
COVID-19: a prospective international multicentre cohort 
study. Anaesthesia. 2020;75:1437–1447.

 17. Tran K, Cimon K, Severn M, Pessoa-Silva CL, Conly J. 
Aerosol generating procedures and risk of transmission of 
acute respiratory infections to healthcare workers: a sys-
tematic review. PLoS One. 2012;7:e35797.

 18. Couper K, Taylor-Phillips S, Grove A, et al. COVID-19 in 
cardiac arrest and infection risk to rescuers: a systematic 
review. Resuscitation. 2020;151:59–66.

 19. Yao W, Wang T, Jiang B, et al; Collaborators. Emergency tra-
cheal intubation in 202 patients with COVID-19 in Wuhan, 
China: lessons learnt and international expert recommen-
dations. Br J Anaesth. 2020;125:e28–e37.

 20. Adnet F, Borron SW, Racine SX, et al. The intubation dif-
ficulty scale (IDS): proposal and evaluation of a new score 
characterizing the complexity of endotracheal intubation. 
Anesthesiology. 1997;87:1290–1297.

 21. Caputo KM, Byrick R, Chapman MG, Orser BJ, Orser BA. 
Intubation of SARS patients: infection and perspectives of 
healthcare workers. Can J Anaesth. 2006;53:122–129.

 22. Raboud J, Shigayeva A, McGeer A, et al. Risk factors for 
SARS transmission from patients requiring intubation: a 
multicentre investigation in Toronto, Canada. PLoS One. 
2010;5:e10717.

 23. Cheung JC, Ho LT, Cheng JV, Cham EYK, Lam KN. Staff 
safety during emergency airway management for COVID-
19 in Hong Kong. Lancet Respir Med. 2020;8:e19.

 24. Anesthesia Patient Safety Foundation. Accessed January 
2021. https://www.apsf.org/news-updates/perioperative-
considerations-for-the-2019-novel-coronavirus-covid-19/.

 25. Round M, Isherwood P. Speech intelligibility in respiratory 
protective equipment-Implications for verbal communica-
tions in critical care. Trends Anaesth Crit Care 2020;36:23–29.

 26. Sullivan EH, Gibson LE, Berra L, Chang MG, Bittner EA. 
In-hospital airway management of COVID-19 patients. Crit 
Care. 2020;24:292.

 27. Thiruvenkatarajan V, Wong DT, Kothandan H, et al. Airway 
management in the operating room and interventional 
suites in known or suspected COVID-19 adult patients: a 
practical review. Anesth Analg. 2020;131:677–689.

 28. Chia SE, Koh D, Fones C, et al. Appropriate use of personal 
protective equipment among healthcare workers in public 
sector hospitals and primary healthcare polyclinics dur-
ing the SARS outbreak in Singapore. Occup Environ Med. 
2005;62:473–477.

 29. Chughtai AA, Chen X, Macintyre CR. Risk of self-contam-
ination during doffing of personal protective equipment. 
Am J Infect Control. 2018;46:1329–1334.

 30. Casanova LM, Rutala WA, Weber DJ, Sobsey MD. Effect of 
single- versus double-gloving on virus transfer to health 
care workers’ skin and clothing during removal of personal 
protective equipment. Am J Infect Control. 2012;40:369–374.

 31. Gurses AP, Dietz AS, Nowakowski E, et al. Human fac-
tors–based risk analysis to improve the safety of doffing 

enhanced personal protective equipment. Infect Control 
Hosp Epidemiol. 2019;40:178–186.

 32. Phan LT, Sweeney D, Maita D, Moritz DC, Bleasdale 
SC, Jones RM; CDC Prevention Epicenters Program. 
Respiratory viruses on personal protective equipment and 
bodies of healthcare workers. Infect Control Hosp Epidemiol. 
2019;40:1356–1360.

 33. Andonian J, Kazi S, Therkorn J, et al. Effect of an inter-
vention package and teamwork training to prevent 
healthcare personnel self-contamination during personal 
protective equipment doffing. Clin Infect Dis. 2019;69(suppl 
3):S248–S255.

 34. Brown S, Patrao F, Verma S, Lean A, Flack S, Polaner D. 
Barrier system for airway management of COVID-19 
patients. Anesth Analg. 2020;131:e34–e35.

 35. Canelli R, Connor CW, Gonzalez M, Nozari A, Ortega R. 
Barrier enclosure during endotracheal intubation. N Engl J 
Med. 2020;382:1957–1958.

 36. Malik JS, Jenner C, Ward PA. Maximising application of 
the aerosol box in protecting healthcare workers during the 
COVID-19 pandemic. Anaesthesia. 2020;75:974–975.

 37. FDA. Protective Barrier Enclosures Without Negative 
Pressure Used During the COVID-19 Pandemic May Increase 
Risk to Patients and Health Care Providers - Letter to Health 
Care Providers. 2020. Accessed September 2020. https://
www.fda.gov/medical-devices/letters-health-care-provid-
ers/protective-barrier-enclosures-without-negative-pres-
sure-used-during-covid-19-pandemic-may-increase.

 38. Simpson JP, Wong DN, Verco L, Carter R, Dzidowski M, 
Chan PY. Measurement of airborne particle exposure dur-
ing simulated tracheal intubation using various proposed 
aerosol containment devices during the COVID-19 pan-
demic. Anaesthesia. 2020;75:1587–1595.

 39. Sorbello M, Rosenblatt W, Hofmeyr R, Greif R, Urdaneta F. 
Aerosol boxes and barrier enclosures for airway manage-
ment in COVID-19 patients: a scoping review and narrative 
synthesis. Br J Anaesth. 2020;125:880–894.

 40. Fong S, Li E, Violato E, Reid A, Gu Y. Impact of aerosol box 
on intubation during COVID-19: a simulation study of nor-
mal and difficult airways. Can J Anaesth. 2021;68:496–504.

 41. Laosuwan P, Earsakul A, Pannangpetch P, Sereeyotin J. 
Acrylic box versus plastic sheet covering on droplet disper-
sal during extubation in COVID-19 patients. Anesth Analg. 
2020;131:e106–e108.

 42. Cook TM, El-Boghdadly K, McGuire B, McNarry AF, Patel 
A, Higgs A. Consensus guidelines for managing the airway 
in patients with COVID-19: guidelines from the difficult 
airway society, the association of anaesthetists the intensive 
care society, the faculty of intensive care medicine and the 
Royal College of Anaesthetists. Anaesthesia. 2020;75:785–799.

 43. Wax RS, Christian MD. Practical recommendations for criti-
cal care and anesthesiology teams caring for novel corona-
virus (2019-nCoV) patients. Can J Anaesth. 2020;67:568–576.

 44. Yang X, Yu Y, Xu J, et al. Clinical course and outcomes 
of critically ill patients with SARS-CoV-2 pneumonia in 
Wuhan, China: a single-centered, retrospective, observa-
tional study. Lancet Respir Med. 2020;8:475–481.

 45. Lyons C, Callaghan M. The use of high-flow nasal oxygen 
in COVID-19. Anaesthesia. 2020;75:843–847.

 46. Agarwal A, Basmaji J, Muttalib F, et al. High-flow nasal 
cannula for acute hypoxemic respiratory failure in patients 
with COVID-19: systematic reviews of effectiveness and its 
risks of aerosolization, dispersion, and infection transmis-
sion. Can J Anaesth. 2020;67:1217–1248.

 47. Hanouz JL, Lhermitte D, Gérard JL, Fischer MO. 
Comparison of pre-oxygenation using spontaneous breath-
ing through face mask and high-flow nasal oxygen: a 

https://www.apsf.org/news-updates/perioperative-considerations-for-the-2019-novel-coronavirus-covid-19/
https://www.apsf.org/news-updates/perioperative-considerations-for-the-2019-novel-coronavirus-covid-19/
https://www.fda.gov/medical-devices/letters-health-care-providers/protective-barrier-enclosures-without-negative-pressure-used-during-covid-19-pandemic-may-increase
https://www.fda.gov/medical-devices/letters-health-care-providers/protective-barrier-enclosures-without-negative-pressure-used-during-covid-19-pandemic-may-increase
https://www.fda.gov/medical-devices/letters-health-care-providers/protective-barrier-enclosures-without-negative-pressure-used-during-covid-19-pandemic-may-increase
https://www.fda.gov/medical-devices/letters-health-care-providers/protective-barrier-enclosures-without-negative-pressure-used-during-covid-19-pandemic-may-increase


Copyright © 2021 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

E  Special article

October 2021 • Volume 133 • Number 4 www.anesthesia-analgesia.org 889

randomised controlled crossover study in healthy volun-
teers. Eur J Anaesthesiol. 2019;36:335–341.

 48. Pillai A, Daga V, Lewis J, Mahmoud M, Mushambi M, Bogod 
D. High-flow humidified nasal oxygenation vs. standard 
face mask oxygenation. Anaesthesia. 2016;71:1280–1283.

 49. Tan PCF, Millay OJ, Leeton L, Dennis AT. High-flow humid-
ified nasal preoxygenation in pregnant women: a prospec-
tive observational study. Br J Anaesth. 2019;122:86–91.

 50. Hui DS, Chow BK, Lo T, et al. Exhaled air dispersion during 
high-flow nasal cannula therapy versus CPAP via different 
masks. Eur Respir J. 2019;53:1802339.

 51. Leung CCH, Joynt GM, Gomersall CD, et al. Comparison of 
high-flow nasal cannula versus oxygen face mask for envi-
ronmental bacterial contamination in critically ill pneumo-
nia patients: a randomized controlled crossover trial. J Hosp 
Infect. 2019;101:84–87.

 52. Li J, Fink JB, Ehrmann S. High-flow nasal cannula for 
COVID-19 patients: low risk of bio-aerosol dispersion. Eur 
Respir J. 2020;55:2000892.

 53. Wong DT, Dallaire A, Singh KP, et al. High-flow nasal oxy-
gen improves safe apnea time in morbidly obese patients 
undergoing general anesthesia: a randomized controlled 
trial. Anesth Analg. 2019;129:1130–1136.

 54. Wong DT, Yee AJ, Leong SM, Chung F. The effective-
ness of apneic oxygenation during tracheal intubation in 
various clinical settings: a narrative review. Can J Anaesth. 
2017;64:416–427.

 55. Casey JD, Janz DR, Russell DW, et al; PreVent Investigators 
and the Pragmatic Critical Care Research Group. Bag-mask 
ventilation during tracheal intubation of critically ill adults. 
N Engl J Med. 2019;380:811–821.

 56. Miguel-Montanes R, Hajage D, Messika J, et al. Use 
of high-flow nasal cannula oxygen therapy to prevent 
desaturation during tracheal intubation of intensive care 
patients with mild-to-moderate hypoxemia. Crit Care Med. 
2015;43:574–583.

 57. Dyett JF, Moser MS, Tobin AE. Prospective observational 
study of emergency airway management in the critical care 
environment of a tertiary hospital in Melbourne. Anaesth 
Intensive Care. 2015;43:577–586.

 58. Sakles JC, Mosier JM, Patanwala AE, Dicken JM. Apneic 
oxygenation is associated with a reduction in the incidence 
of hypoxemia during the RSI of patients with intracranial 
hemorrhage in the emergency department. Intern Emerg 
Med. 2016;11:983–992.

 59. Wimalasena Y, Burns B, Reid C, Ware S, Habig K. Apneic 
oxygenation was associated with decreased desaturation 
rates during rapid sequence intubation by an Australian 
helicopter emergency medicine service. Ann Emerg Med. 
2015;65:371–376.

 60. Vourc’h M, Asfar P, Volteau C, et al. High-flow nasal can-
nula oxygen during endotracheal intubation in hypoxemic 
patients: a randomized controlled clinical trial. Intensive 
Care Med. 2015;41:1538–1548.

 61. Semler MW, Janz DR, Lentz RJ, et al. Randomized trial of 
apneic oxygenation during endotracheal intubation of the 
critically ill. Am J Respir Crit Care Med. 2016;193:273–80.

 62. Spence EA, Rajaleelan W, Wong J, Chung F, Wong DT. The 
effectiveness of high-flow nasal oxygen during the intra-
operative period: a systematic review and meta-analysis. 
Anesth Analg. 2020;131:1102–1110.

 63. Caputo N, Azan B, Domingues R, et al; Lincoln Airway 
Group. Emergency department use of apneic oxygenation 
versus usual care during rapid sequence intubation: a ran-
domized controlled trial (The ENDAO Trial). Acad Emerg 
Med. 2017;24:1387–1394.

 64. Chan MTV, Chow BK, Lo T, et al. Exhaled air dispersion 
during bag-mask ventilation and sputum suctioning - 
Implications for infection control. Sci Rep. 2018;8:198.

 65. Yang WS, Hou SW, Lee BC, et al. Taipei Azalea - Supraglottic 
airways (SGA) preassembled with high-efficiency particu-
late air (HEPA) filters to simplify prehospital airway man-
agement for patients with out-of-hospital cardiac arrests 
(OHCA) during coronavirus disease 2019 (COVID-19) pan-
demic. Resuscitation. 2020;151:3–5.

 66. Fisher & Paykel Healthcare. Optiflow thrive-optiflow oxy-
gen kit AA400, optiflow filtered nasal cannula AA001M. 
Product information.

 67. Wei H, Jiang B, Behringer EC, et al. Controversies in airway 
management of COVID-19 patients: updated information 
and international expert consensus recommendations. Br J 
Anaesth. 2021;126:361–366.

 68. Ahmad I, Wade S, Langdon A, Chamarette H, Walsh M, 
Surda P. Awake tracheal intubation in a suspected COVID-
19 patient with critical airway obstruction. Anaesth Rep. 
2020;8:28–31.

 69. Meng L, Qiu H, Wan L, et al. Intubation and ventila-
tion amid the COVID-19 outbreak: Wuhan’s experience. 
Anesthesiology. 2020;132:1317–1332.

 70. Zou L, Ruan F, Huang M, et al. SARS-CoV-2 viral load in 
upper respiratory specimens of infected patients. N Engl J 
Med. 2020;382:1177–1179.

 71. Mawaddah A, Gendeh HS, Lum SG, Marina MB. Upper 
respiratory tract sampling in COVID-19. Malays J Pathol. 
2020;42:23–35.

 72. Orser BA. Recommendations for endotracheal intubation of 
COVID-19 patients. Anesth Analg. 2020;130:1109–1110.

 73. Zucco L, Levy N, Ketchandji D, et al.  Perioperative con-
siderations for the 2019 novel coronavirus (COVID-19). 
Anesthesia Patient Safety Foundation. 2020. Accessed June 
2020. https://www.apsf.org/article/an-update-on-the-
perioperative-considerations-for-covid-19-severe-acute-
respiratory-syndrome-coronavirus-2-sars-cov-2/.

 74. Aziz MF. The COVID-19 intubation experience in Wuhan. 
Br J Anaesth. 2020;125:e25–e27.

 75. Enomoto Y, Asai T, Arai T, Kamishima K, Okuda Y. Pentax-
AWS, a new videolaryngoscope, is more effective than the 
Macintosh laryngoscope for tracheal intubation in patients 
with restricted neck movements: a randomized compara-
tive study. Br J Anaesth. 2008;100:544–548.

 76. Aziz MF, Dillman D, Fu R, Brambrink AM. Comparative 
effectiveness of the C-MAC video laryngoscope versus 
direct laryngoscopy in the setting of the predicted difficult 
airway. Anesthesiology. 2012;116:629–636.

 77. Jungbauer A, Schumann M, Brunkhorst V, Börgers 
A, Groeben H. Expected difficult tracheal intuba-
tion: a prospective comparison of direct laryngoscopy 
and video laryngoscopy in 200 patients. Br J Anaesth. 
2009;102:546–550.

 78. Malik MA, Subramaniam R, Maharaj CH, Harte BH, 
Laffey JG. Randomized controlled trial of the Pentax AWS, 
Glidescope, and Macintosh laryngoscopes in predicted dif-
ficult intubation. Br J Anaesth. 2009;103:761–768.

 79. Ott M, Milazzo A, Liebau S, et al. Exploration of strategies 
to reduce aerosol-spread during chest compressions: a sim-
ulation and cadaver model. Resuscitation. 2020;152:192–198.

 80. Timmermann A, Berger A, Russo S. Laryngeal mask airway 
indications: new frontiers for second-generation supraglot-
tic airways. Curr Opin Anaesthesiol. 2015;28:717–726.

 81. Damodaran S, Sethi S, Malhotra SK, Samra T, Maitra S, 
Saini V. Comparison of oropharyngeal leak pressure of 
air-Q™, i-gel™, and laryngeal mask airway supreme™ in 

https://www.apsf.org/article/an-update-on-the-perioperative-considerations-for-covid-19-severe-acute-respiratory-syndrome-coronavirus-2-sars-cov-2/
https://www.apsf.org/article/an-update-on-the-perioperative-considerations-for-covid-19-severe-acute-respiratory-syndrome-coronavirus-2-sars-cov-2/
https://www.apsf.org/article/an-update-on-the-perioperative-considerations-for-covid-19-severe-acute-respiratory-syndrome-coronavirus-2-sars-cov-2/


Copyright © 2021 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
890   www.anesthesia-analgesia.org aNeStHeSia & aNalGeSia

Management of the Difficult Airway in COVID-19 Patients

adult patients during general anesthesia: a randomized 
controlled trial. Saudi J Anaesth. 2017;11:390–395.

 82. Brewster DJ, Chrimes N, Do TB, et al. Consensus statement: 
safe airway society principles of airway management and 
tracheal intubation specific to the COVID-19 adult patient 
group. Med J Aust. 2020;212:472–481.

 83. Langvad S, Hyldmo PK, Nakstad AR, Vist GE, Sandberg 
M. Emergency cricothyrotomy–a systematic review. Scand 
J Trauma Resusc Emerg Med. 2013;21:43.

 84. Baker PA, O’Sullivan EP, Kristensen MS, Lockey D. The 
great airway debate: is the scalpel mightier than the can-
nula? Br J Anaesth. 2016;117(suppl 1):i17–i19.

 85. Timmermann A, Chrimes N, Hagberg CA. Need to consider 
human factors when determining first-line technique for 
emergency front-of-neck access. Br J Anaesth. 2016;117:5–7.

 86. Hill C, Reardon R, Joing S, Falvey D, Miner J. Cricothyrotomy 
technique using gum elastic bougie is faster than standard tech-
nique: a study of emergency medicine residents and medical 
students in an animal lab. Acad Emerg Med. 2010;17:666–669.

 87. Morris A, Lockey D, Coats T. Fat necks: modification of a 
standard surgical airway protocol in the pre-hospital envi-
ronmental. Resuscitation. 1997;35:253–254.

 88. Duggan LV, Lockhart SL, Cook TM, O’Sullivan EP, Dare T, 
Baker PA. The Airway App: exploring the role of smartphone 
technology to capture emergency front-of-neck airway 
experiences internationally. Anaesthesia. 2018;73:703–710.

 89. Frerk C, Mitchell VS, McNarry AF, et al; Difficult Airway 
Society intubation guidelines working group. Difficult Airway 
Society 2015 guidelines for management of unanticipated dif-
ficult intubation in adults. Br J Anaesth. 2015;115:827–848.

 90. Kwon YS, Lee CA, Park S, Ha SO, Sim YS, Baek MS. 
Incidence and outcomes of cricothyrotomy in the “cannot 
intubate, cannot oxygenate” situation. Medicine (Baltimore). 
2019;98:e17713.

 91. Miles J, Mejia M, Rios S, et al. Characteristics and outcomes 
of in-hosptial cardiac arrest events during the COVID-
19 pandemic: a single-centered experience from a New 
York City public hospital. Circ Cardiovasc Qual Outcomes. 
2020;13:e007303.

 92. Rubano JA, Jasinski PT, Rutigliano DN, et al. 
Tracheobronchial slough, a potential pathology in 

endotracheal tube obstruction in patients with coronavirus 
disease 2019 (COVID-19) in the intensive care setting. Ann 
Surg. 2020;272:e63–e65.

 93. Mort TC. Tracheal tube exchange: feasibility of continuous 
glottic viewing with advanced laryngoscopy assistance. 
Anesth Analg. 2009;108:1228–1231.

 94. Brown J, Gregson FKA, Shrimpton A, et al. A quantitative 
evaluation of aerosol generation during tracheal intuba-
tion and extubation. Anaesthesia. 2020;76:174–181.

 95. Popat M, Mitchell V, Dravid R, Patel A, Swampillai C, Higgs 
A. Difficult airway society guidelines for the management 
of tracheal extubation. Anaesthesia. 2012;67:318–340.

 96. Rose DK, Cohen MM, Wigglesworth DF, DeBoer DP. 
Critical respiratory events in the postanesthesia care unit. 
Patient, surgical, and anesthetic factors. Anesthesiology. 
1994;81:410–418.

 97. Yang SS, Wang NN, Postonogova T, et al. Intravenous 
lidocaine to prevent postoperative airway complications 
in adults: a systematic review and meta-analysis. Br J 
Anaesth. 2020;124:314–323.

 98. Tung A, Fergusson NA, Ng N, Hu V, Dormuth C, Griesdale 
DEG. Medications to reduce emergence coughing after 
general anaesthesia with tracheal intubation: a system-
atic review and network meta-analysis. Br J Anaesth. 
2020;124:480-498.

 99. Asenjo JF. Safer intubation and extubation of patients with 
COVID-19. Can J Anaesth. 2020;67:1–3.

 100. Chen X, Liu Y, Gong Y, et al; Chinese Society of 
Anesthesiology, Chinese Association of Anesthesiologists. 
Perioperative management of patients infected with the 
novel coronavirus: recommendation from the Joint Task 
Force of the Chinese Society of Anesthesiology and the 
Chinese Association of Anesthesiologists. Anesthesiology. 
2020;132:1307–1316.

 101. D’Silva DF, McCulloch TJ, Lim JS, Smith SS, Carayannis 
D. Extubation of patients with COVID-19. Br J Anaesth. 
2020;125:e192–e195.

 102. Matava CT, Yu J, Denning S. Clear plastic drapes may be 
effective at limiting aerosolization and droplet spray dur-
ing extubation: implications for COVID-19. Can J Anaesth. 
2020;67:902–904.


